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在 300 oC 之内没有明显放热反应，表现出与离子液体类似的较高的的热稳定性；
而与脱锂态的正极 LiCoO2 材料以及嵌锂态的 MCMB 材料同样表现出了较高的
热稳定性。该砜类-线性碳酸酯类混合溶剂的电解液作为锂离子电池的电解液能
够明显提高电池的安全性能，且对 LiCoO2/Graphite 电池的电化学性能没有影响。 
2. 从设计电极/电解液稳定界面出发，针对 LiNi0.5Mn1.5O4 高电压锂离子电池
体系，首次采用基于环丁砜 SL的混合电解液，在电极材料表面构筑了稳定、致
密、含有硫化物的 SEI 层，其不仅具有较高的离子电导率还有效地抑制了 Mn2+
的溶解损失，使材料表现出较好的倍率与循环性能。同时该 SEI 层降低了电极材
料与电解液的反应活性，ARC 测试结果显示，该电极-电解液体系的最大放热速
率仅有 0.14 oC/min，电池的安全性能得到很大改善。 
3. 针对砜类溶剂与石墨材料的兼容性差的问题，采用 TBAPF6 季铵盐添加
剂改善电解液在石墨表面的成膜性能。结果表明，在添加了 0.2 mol/L的 TBAPF6




TBAPF6 季铵盐作为阻燃添加剂，发现其阻燃效果明显。在添加了 5% TBAPF6



























































Electrolyte is an indispensable part of any energy storage and transformation 
device. For lithium ion batteries (LIBs), the nature of electrolyte and interface of 
electrode-electrolyte affect the electrochemical property and electrochemical window 
as well as the safety of a battery to a great extent. The electrolytes based on carbonate 
ester solvents are widely used in the commercial LIBs, however, there are still some 
problems for the carbonate ester electrolytes, such as high flammablity and 
decomposition at high voltage. Developing novel solvents and functional additives are 
good ways to overcome the weakness of present electrolyte and make it satisfy with 
new LIBs systems. We have fouced on the sulfones as alternative organic solvent for 
LIBs electrolyte to improve the thermal stability and electrochemical performance at 
high voltage of cells. In addtion, a quaternary ammonium salt TBAPF6 has been 
studied as a flame-retardant additive for LIBs electrolyte. The detail of the content is 
as following: 
1. We tested the thermal stability of sulfone-liner carbonate ester mixed 
electrolytes (SDE and EDE electrolyte) and carbonate ester electrolyte (ET electrolyte) 
systematically, as well as the thermal stability between electrolyte and electrode. The 
SDE and EDE electrolytes had almost no exothermic reaction even heated to 300 oC, 
which presented high thermal stability similar to ionic liquid electrolyte. Furthermore, 
the exothermic reaction of the sulfone- carbonate ester mixed electrolytes and 
delithiationed LiCoO2 or lithiationed MCMB were mild with low quantity of heat. 
The electrolytes could improved the safety of LIBs without impairing the 
electrochemical performance of LiCoO2/Graphite cells. 
2. An electrolyte based on the blend of sulfolane and carbonate solvent  (E1 
electrolyte) was used for LiNi0.5Mn1.5O4 high voltage lithium ion batteries. Since a 
stable, compact and sulfide-containing SEI was architectured on the surface of spinel 
cathode by employing sulfolane-based electrolyte, the electrochemical performance of 
















interface makes the LiNi0.5Mn1.5O4 material on the high oxidation state exhibit better 
thermal stability in sulfolane-carbonate solvent mixed electrolyte than the carbonate 
solvent electrolyte. 
3. Since the Sulfolane (SL) electrolyte could not form a SEI film on the surface 
of graphite, resulting poor compatibility with graphite anode. We used 
Tetrabutylammonium Hexafluorophosphate (TBAPF6) as additive in the SL 
electroltye to improve the SEI formation of electrolyte. When the concentration of 
TBAPF6 reached 0.2 mol/L, the reversible capacity of MCMB was 250 mAh/g with a 
100% coulombic efficiency. The electrochemical window of electrolyte with TBAPF6 
additive was still wide. More than that, the existence of TBAPF6 in the SL electrolyte 
could suppress the decomposition of solvent at high temperature, thus the thermal 
stability of electrolyte was further improved.  
4. TBAPF6 was added in the carbonate ester electrolyte as a flame-retardant 
additive, which obviously prevented electrolyte burning when addded more than 
15%wt through self-extinguish time test. And the ARC results indicated that the safety 
of LiCoO2/Graphite cell was improved apparently even the additive amount was only 
5%wt. But the conductivity of eletrolyte and the compatibility with graphite a node 
were effected by the additive.  
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